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(57) Abstract: A magnetic thin film exhibiting a high spin polar- 
ization ratio; and utilizing the same, a magnetoresistive effect ele- 
ment and a magnetic device. There is provided a magnetic thin film 
comprising substrate (2) and, superimposed thereon, thin film (3) 
of Co 2 MGai_ x Al x , the thin film (3) having a L2i or B2 monophase 
structure, wherein the M represents one or two or more members se- 
lected from among Ti, V, Mo, W, Cr, Mn and Fe and wherein the 
average valence electron concentration of M, referred to as Z, sat- 
isfies the relationship 5.5^Z^7.5 while x satisfies the relationship 
0^x^0.7. This magnetic thin film at room temperature can exhibit 
ferromagnetism and high spin polarization ratio. Buffer layer (4) 
may be interposed between the substrate (2) and the thin film (3) of 
Co 2 Fe x Cr 1 . x Al. A giant magnetoresistive effect element and tunnel 
magnetoresistive effect element utilizing this magnetic thin film at 
room temperature can exhibit large TMR and GMR in low magnetic 
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fr-7> o^x^o. 7) Mi 3 #6218: £ *u b v*;HS l li 

„ Co 2 MGa,-, Al, MtiTi, V, Mo, W, Cr, Mn, F 

e (D^(D 1 m& tzlt 2 ffl%±.frbft 0 - M*©¥i^ffi«^*KZ j&< 5 . 5 ^ Z ^ 
7 . 5 t?*> 0 . 0 ^ x ^ 0 . 7 ) Mi 1 6 ^£MeP 1 UBWi 

fetmtt&nit^ m 4 <d fc° > Jg 1 1* & »l±Ji 12*>. *is^ffl4il^ * £ 

Co 2 MGa,-* AU MttT i , V, Mo, W, Cr, Mn, Fe 

o>tp<D i mt tiit 2 wsJL±tr> btt*)^ MtpcD^mn^mfeztf 5 . 5 ^ z ^ 7 
\> > % jmm&m&m? \ 0, 1 5, 2 o^ttEfcio***^ co 2 m 

Ga,-x A 1 x (dZ.T?. MCiT i, V, Mo, W, Cr, Mn, F e (Dtp(D 1 

a*fctt28Hh^'?»ft^ MW^ffi*?iSZ*<5. 5^Z^7. 5 

*K fro, 0^x50. 7 ) tfcli'^y 7 y— S4 tWSM 1 4 ££>il*H3. 

EPiD^n^c *fc> wit giMW^w^Epjnsn^o ^^t-b^ 

^.milJS 1 4 ^©^©aftb^tt. MffiSie^|pI^*3il«:Sf£t"C P Fmfe£"fZ 

zzx^ ±tz b y * immm^m? 1 o . 15, 20 iz:ffl^*g*R2i±. 

MILS U i/7X^^» MgCK Al 2 0 3 . GaAs^^$g B B B 
t»* 0 TJ:^. ^-v 7 7-14 £ LT, Al, C u, Cr, Fe, Nb . Ni, 
T a, N i F e ^t^ffll^it^t^^o ±15 C o 2 MGa,-xAl x {^Z. 
T% MCiT i , V, Mo, W, Cr, Mn, F eCDtpCO 1 ^1XC± 2 gj^±^b^ 
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K) > M^O^flW^WKZ fr* 5 . 5 ^ Z ^ 7 . 5T\ fro, 0 ^ x ^ 0 . 7 ) 
3 tf)J3IJ?t± 1 nmJ^±t? 1 jLnnJXT"?*^^. ;itf)fllJ?fr 1 nm^ST? 

±f2fPfJ&<£>*fSBfl<£> r >^;U^m^^m^ 10, 15, 2 0 C±. XA>y 

wff^cDmn^ if zmm-t % tz tb (d -7 x ? iii^c if z m ^ t m^-t * ^t^-et 

o 

samn^ i o i 5 (ommzn^Mw-tZo 
*mw(Dmimm*m^tzmmm®)3km z ? 1 o . 1 5 -oro^attis 3 

l 2»> -^teK«lttJl 1 3fr'£J£U SltfcWtl 1 2 (tr> 

MCiT i , V, Mo, W, Cr, Mn, F e <D*P<D 1 fit tzlt 2 fil^±fr 
0. M#©¥i3ffiffi^BJ£Za<5. 5^Z^7. 5-e$>0> fro. 0^x50. 
7) «fll3<DXt°>^fr^ifc£n<?>o LfcfroT. Xtr>/^^^l3j:»55t 
fiSttS 1 2 <£>a<tte. K3fi«ffl4g 1 3 i«^il@5fFfflia^tXf>^ 1 ^|rI 
^glK^tl&tf)""^ 7 U — Jg-e^-l) C o 2 MG a i-x A 1 x (ZZ~C\ MCiT i 

V, Mo, W, Cr, Mn, F e 1 Mttzlt 2SJ^_hfr *>tl 0 . M^» 

TOIiffitt^JKZ fr* 5 . 5 ^ Z 2£ 7 . 5 T*fc *K fro. 0 ^ x ^ 0 . 7 ) ^1 3 
©Xh"XO¥lf> CTtTfr^^f^ti^o MG 
a,- x A 1 x (3dT% MCiT i, V, Mo, W, Cr, Mn, F e <D*p(D 1 & 
ifcli2il5Uh^W^ Mtf«il?ISZ*<5. 5^Z^7. 5 T?ifc •) 
„ fro. 0 ^ x ^ 0 . 7 ) 3 <7)$Mbfr/h£ ^fc#>. OT^fr'J^ < ^Htzll 

m&tf&to&H&l 0, 1 5«, MRAM^mmTJ^^Si^fe^^ii - ^^ 
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-tr&^HH^C o 2 M G a i-x A 1 x M«T i , V, Mo, W, C 

r , M n , Fe©^©lK/:tt2 ffl\X±fr 0 . M*©^ffi«?ll Z # 

5. 5 £SZs£ 7. 5-e^0> 0 sSx^O. 7) 113 ^[sjDC o 2 MGa 

,_ x A 1 x (^-^\ MC±T i, V, Mo, W, Cr, Mn, F e (Drf*(D IS* 

fcl±2i|lJa±fr£ft»K Mtp(D5piUffim^JSZ^5. 5sSZ^7. 5 "e& *K 

fr-Q. O^x^O. 7) ±IE ( 1 ) it 

«K £^l-> ;£f£W b >^;bam^^m*?^TMRC±A# < fc&„ 

J; 0> b >^;b?Smtg^m^ 2 0 MRAMfU'TOt« 

-To 



3 0 C±> StS 2 ±1^ a' 7 77-14 ft &*mm<D Coz MG a i- 

x A 1 x CcT\ MCiT i , V, Mo, W, C r , Mn, F e (D<p(D \ Mttz 
t±2S£U:fr£ft*K M*©¥±^lli«^»KZ*<5. 5^Z^7. 5^&D.^ 
0 ^ x < 0 . 7 ) 3 tfmWLZ tU «tt#Jgjf 2 1 <h»fffl 2 2 

g^amtfi^m^^^y 7 7-14 £«gJi 1 4 i©f B 1(:t)±^ 
EPJD^ti^o *fc> ^SPfiBJ^i. Biffipg^WlJ:EPiD$n*o A' 7 77-14^ 
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<d &*mmm$)MMj- 3 otmtzzM*. mmmz 2 tmmm 1 4 t<omz 
(Dm%i<D$iLi5it, mmnizti.ffizffi-tf'cr-e&zc i pnra<^ straits 

^SUk £<^-> MgO, Ah 03 . GaAs^WSaMl^-i^ 
^-y7 7-|4 £LT. Al, Cu, Cr, Fe, Nb, Ni, Ta, N 
iFeftM^it^H, «tt^iie2 l^UTCi. Cu, A 1 fc£ 
^fflo-l,^ ^^t?^^> 0 3»fflS2 2 <hLTii;. CoFe, NiFe, Co 2 M 
Ga.-x Alx (d^-t?> MliT i , V, Mo, W, Cr, Mn, F e (Dfp(D 1 
@£/cte2»J±fr£ft'K MtFW¥i^ffim^tffiZ#5. 5^Z^7. 5 T?& 
0 > #>-^ o^xsSO. 7) ^Bi^^cD{5rn^— ^/c^iti^coM*4^^> 

i:IBC 02 M G a i-x Alx (--^\ MtiT i , V. M o , W, C r , M n 
, F e(D*p(D \m£tzl±2mH±frt>te<0^ M^<D¥±5j«^tSZ^5. 5^ 
Z ^ 7 . 5 -e* 0 . 0 ^ x ^ 0 . 7 ) PII 3 <DfliJ5te, 1 nmK±^ 1 ^ 

±IS^(7)2|5;^(Z)g^mtS^m^ 3 0, 3 5 t±. X/^y 
(D^m^M^^^C 02 MGa ,-x Alx Ml±T i , V, Mo, W, 



1 6 



0 PCT/J12005/002185 

WO 2005/078748 PCT/JP2005/002185 

Cr, Mn, F e(Dtp<D\m£fcl*2ffl>JLkfrt>tZ'), M "t»©^fflB«^ »ff Z 
#5. 5=SZ^7. 5t^0, ^> O^xiO. 7) ^11 3 ^ 

o 

MGa.-x Alx MCiT i , V, Mo, W, Cr, Mn, Fe^CD 

lQ£fcl±2SJ5Uia^ft , K M*©¥^ffli*^»l£Z#5. 5^Z^7. 5 

O^xiSO. 7) ^0 3(DXti o >WM#(iJ;O¥tf £STO£> 
«l(;f^ 0 f efl^t^Wi^-7^^^fe^Co2 MGa,-x 
A 1 x MtiT i , V, Mo, W, C r , Mn, F e (DtpCD lUttzlt 

ZiKlh^&ft'), MWiHW?ifiZA<5. 5^Z^7. 5-e$.0, ^ 
O^xiSO. 7) W3CD— T^CDX^Vfctj-T^^OT^ Iff^t^GMR 
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mmz&Q^te&itZTfi-to ft%mni?ffim ( i ) <t oep^pu ^m^m 

^SP^£*i;&D 1S# (IlOfr&fBffi (IV) (V 

wmmTi*. $m ( i ) (v) ^ma^^r. ^tts2 2 ^7 

U— jg-efe^C o 2 M G a i- x A 1 x (ZZ^\ MltT i , V, Mo, W, Cr 
, Mn, F e(D^(D fflZ±fr h t£ 0 . M*©WS?IIZ^ 5 

5^ZsS7. 5-e*0> O^x^O. 7) ?iJP3 

0. »/jN<&«jftfcfc*o ^ (III)T?l±±IBX£>#R¥fT©^£ft 

0. lfc*:<Z>&tft £ * o C o 2 MG a i-x Ah 3 Ci. o i F e C 

r Ga^Ki^l^o 

Ki^T. I ^ TM R i G M R ^/f^ro t\ W^MjHz>V-£\s 

fcSK^JStjiEifcSa&^ei, ^ifiU:*5V>t\ fii^f^: S ^ T M R 4 fc(± G M R *i 

Ctfeffi»li*3S«:3itbT^aiHK^«:epJD-r^o :©MTJ$Kt^7'J- 
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t^CDt?. ^- V 7* 4 X ? mSbBM. (HDD) ^MRAM^^«gIro^;f 

^©ittflt^^Co! MGa,-x Alx iU, M^CriUlM 
6 tfe^o 

B^^o i^*fcJ8<E>C otCr tGa 2 5%. 2 5 %. 5 0 %©iMJ:t 

T% 7 _^|^| t: gXL, 1 1 0 0°C^2 4 mffl(DMM*ft ^> TKTK^An 
£LTCo 2 CrGa^^l/Co 
0 1 (Hi. Hfifefll 1 -eM^b/iC o 2 C r G a [0 1 - 1 ] AM^M? 

^n-e'ti. (200), (111), (022) M^^^^^HJifr^t-T 
i>£ 0 tUfr^^fti-M-. ( 2 0 0 ), (111) ffi*^ro^MiJ^^ 

#^^|iJ#vDiL^ 0 B B-e*>ntf. H^t^-f (200), ( l l l ) mfrt>(n\B\ 

m±2mmt ^thiju^^o b 2is^*ntf (200) M^^m^r© 
❖#th^u (111) nfrh(omfa±ufev^o 

±ISC o 2 C r G a^^^-y-v b t LTfflVXfci^TOW^y ^gt^ 0 
. g»fbS i S*£2 £/c«S i m$.2 7 rig 4 <h ITT a*i§l£*SJi Lfc 

»&2±^ c 0! crGa«iramtffi^. mffi&mw 5 0 

OtOT^ ^^Tl-UiffUcCo! C r G a MM!! 3 W^«L 2 , 
ttzltB 2fi^&o/£o 

HI J 2 
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T a &/<v 77- M 4 £ L/t, Ta (10nm)/Co z CrGa (300 nm 
) /A 1 Ox ( 1 - 6 nm) /C oi.Fen (5nm) /NiFe ( 2 nm) / 
I r Mn (20 nm) /Ta (10 nm) £flg£fltli LT, b >^;HKMStftS& 

-Jg 4 „ C o 2 CrGafl3 "7 U -JS> A 1 O « t± b > * ;Hfi*IJB 

1 U C o 90 F e „M i F e 1 2 CD trvg^^fll^ £ft£&fi» 

I r M n &R»&JS 1 3 »K Co 9 ,Fei./N i Fe CD3SfiSt4® 1 
2c/)Xt°>^El^-r'i»^SiJ^bTV^ 0 ^rLT. M3$It4i 1 3T^^ I rMn 

±©Ta(i, 4 t^S. 

±|Bco b >^;U|6^T^^>A 1 Ox \>M-<n&m$^fe\z-&tf Z,-^ 7 * b a > 

<7)iSJa&«*« 1 0 0WT?&D> A 1 Ox CD7°^X^^t[-J;^^B#CDiSMI^ 

m77(±4 OWeiofc, MAr #XJ±77& 1 . 8 Patifeofc. 

4 0 0°C-e*>0. ^cDif-a-coC o 2 CrGaii3(t L2, I^ofco ft 

dcDjpJP^ 3 00nmCDCo 2 CrG afittffiWRfcWI"* b >*;U^t£tn$) 

2. 6%<h*^^/io 
gffijj 3 

Co, C rGall3», ^(Z)|IJ¥^ 1 0 0 nmilWtt HWJ 2 

2 \u 3 CD b >^;ufiam*stastim^ 1 5 <DmK<»w%m*&*7r<tm-e 

@cD|tli^bOTWH (Oe) $tttC«irL (Q) T*&<f> 0 fiS^tS 
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mm 2 & H WJ 3 -eii. TMRMH7 7 h- fr'H, £ ft?\ X t° > 

*f£0£(3j;ftC±\ L2, tfcliB2fii^nCo 2 MGa,-x Ah 
CC-e, M(±T i, V, Mo, W. Cr, Mn, F e<Z)4>(7) \W&tzlt2ffl>A 
±frbtZ *) . M*»¥WfiSZ^ 5 . 5 ^ Z =S 7 . 5 T**> 0 . fr"^ 0 sS 

*5gBBCDL 2 i SfdiBSfWMWCo! MGa,- x Ah ( 
Z.Z.X% MtiT i , V, Mo, W, Cr, Mn, F e <D*p(D 1 2 gJ5Lh 

^^^.M^ro^WWZfr'S. 52SZ2S7. 5T*S>»Krt^ O^x 

$ £1^ *Hi0L 2 , */cl±B 2WM^tt^C o 2 MGa,-x Ah 
(dZT% MfcfcT i, V, Mo, W, Cr, Mn, F e ©tp© 1 8*fcl± 2SJ^ 

M*©¥W?iSZ^ f 5. 5^Z^7. 5-e&*)>^> 0 sS 

x ^ 0 . 7 ) ^IMM^ffl^/c#j®cD^mt£^m^ : Sr> jS**#t?>y h^#fi 
£ ig»I<DfiK*l^ >y F ^^ffl Ifeli^MI&fF-f * MRAM^rii i;«>@* (DWMMM. 
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m * (d m m 

1. »IS£ISS*R±£^fc3ft£C o 2 MGai-x AL 

±15 C o 2 MGa,-x A 1 x ffllliL 2 , £/ctiB 2 JMMBSfcWU 
±I5^M©M«T i , V, Mo, W, Cr, Mn, F e©*® lit fc(i2l 

J^±*> b ft 0 . 

t^M^TOffiM^lJt Z # 5 . 5 ^ Z ^ 7 . 5 0 „ frr^ 0 ^ x 0 . 

2. BulBS^^D^^tl. 3(7)iJ0^$n/iS^±^HulBC o 2 MGa.-x 

3. mHBX^±^^t/cC 02 MGa,-x Al x Slfll^^S $ ft %> Z, 

4. fulBS^^ HWftS i , #7X, MgOmiS H B B . GaAs$L B B , 

mm* 

5 . tuies^gjiec o 2 mg a ,-x Aix mmnm^^v 1 t-S^IB 

6 . MIB^^v 7 7-l^\ A 1 . Cu, Cr, Fe, Nb, Ni, Ta, 

NiFe©^ <©4>ft < t h^zt ZH&Wl it* 1 ! 5 ^iEi£© 

„ 'ptZ< £b—1i(D%m i &mA\ L 2 i *fcl±B 2$W^^t^Co 2 MG 
a ,-x A 1 x (iit?, MtiT i, V, Mo, W, Cr, Mn, F e (D*p(D HI 
4fcl±2 5ffija±fr£ft*K M*©¥J3ffi«?*KZ#5. 5^ZsS7. 5 0 

„ fro. o ^ x s£ 0 . 7 ) £ > b ;uf&mf£47t 

ZiCiB 2 & C o 2 MGa.-x AU MtiT i , V, M 

o, W, Cr, Mn, F e ©4>CD Hl^fcli 2 *TO±^ft 0. M^tf>¥±^ffim 
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9 . HuiaSiis^jDtfts ft> ^ ©flng&s n/iS*5± -etuis C o 2 M G a ,- 



1 0 . HulBS«±^^bfcC o 2 MG a i-x Ah ^»0#fl&M£ 

ft & £ £ t i~ % > is*^ 7 {-lamco h > * jimmsM^Mi-o 

1 1. h5I5S=IS*^ iiltS i , if7X, Mg03M£H., GaAs$fe B a 
Ah 0 3 Sit *^St 1 > 7 iZsdMi<D h 

1 2 . jfut5S*££mffSC o 2 MG a i- x A 1 x (HT% MtiT i , V, 
Mo, W, Cr, Mn, F e (D<p(D 1 fcl* 2 MPA±fr $> 0 . MtytoW-EM 
m?aSZ^5. 5^Z^7. 5^0, ^ OsSx^O. 7) £(7^1;:^ 

1 3 . mlfB^ 77? A 1 , Cu, Cr, Fe, N b , Ni, Ta 

N i F e (75 £ 6— o^b^I £ £4$#t ft**! 1 2 fciE 



1 4. S^±^^»»ttJS^Wt-^E^aMS^m^{3*5^T. 

4>ft < t b—ljOffiffi&m^ L 2 , 4fcl±B 2 IMffiHStfcW?"* C o , M G a 
A 1 x Clt\ Mt±T i , V, Mo, W, Cr, Mn, F e<Wp(D 1 fflg 
fcti2ia±^b^0, M4>©¥i^ffit?ilZ^5. 5^Z^7. 5T*fe«3. 

o^x^o. 7) ttWJK^o. OTM^iRii-mat^nsfliaEtu 

, B2, A 2 ^©iiWSC 02 MGa,-, AU 

„ MtiT i, V, Mo, W, Cr, Mn, F e (D^(D \ Mt tzl,± 2 M£l±fr h K 

0, MWJWfilSZ^S. 5^Z^7. 5-efc»K 0 ^x^ 0. 
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1 6. mt?MUtf1}\\$&£ tl^ Z. <DtiUt&Z ntzMffi.±X~ffi&C o 2 M G a i- 

1 7 . ifuiE^i^JML/iC o 2 M G a i-x A 1 x W&Mm&PmmiS 
1 8. HuieSW. $m<tS i, #7X, MgO|g B B B , GaAs$g a B a 

, a 1 2 o 3 m^BOfatifr— ^>-?&z>z.t*w$ktirz>^ m^Mi Aizmm<v 

1 9. HulEStS t fufB C 02 MGai-x A l x MMT i . V, 
Mo, W, Cr, Mn, F e (D*p(D l M£ tzlt 2 jgj^_hfr t> ft 0 > M^coTOffi 

2 0 . ftufB^y 7 7-1^ Al, Cu, Cr, Fe, Nb, N i , Ta 

, N i F e(Dot>(D'Pf£< tb--^fr<bJ$Z>Z. t%W$tti~&^ lt*iM 1 9 t-I3 

2 1. L 2 , ifcfctiB 2mmB^^-t^Co, MGa,-, A 1 x {Z.Z. 
-£\ MliT i . V, Mo, W, Cr, Mn, F e (Dfp(D 1 H£ tzlt 2 ll^±* N ^ 
ft 0 . M^tf>¥±^l«^lJt Z # 5 . 5 ^ Z ^ 7 . 5 *K fr-^ 0 ^ x sS 0 

2 2.7 'J— S^huIBC 02 MGa ,-x A 1 x MliT i , V, 

Mo, W, Cr, Mn, F e ©*t"CD 1 St fete 2 @£Lt> bft 0 . M*<Z)¥i^l 

Vf-MEZ** 5. 5^z^7. 5 -e& 0 > o ^ x ^ o . 7 ) m&WEfrefiL 

23. wmMmmm^n, zatomzti tzmm± -e&m zntzmmco 
2 mg a i-x a i x w$Mmiz& <oftmzntz h > ^ ^mm&K^M^it^. 
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2 4. mtzmffi.±Kj$,mvtcc o 2 mg a x- x a i x mmgmtmfamis 



2 6. fjfESlS £ fulS C o 2 MGa,-, Ah MliT i , V, 

Mo, W, Cr, Mn, F e (D*p(D 1 Htfcfi 2S^_h/^fe& 9 , M C7) ¥^Jffi 

2 7. MIE^ v 7 r — H H>K Al, Cu, Cr, Fe, Nb, Ni, Ta 
, N i F e C7)4>ft< b h—^frh$LZ> hV^/H^M^^m^X«g:«M£ 

2 8. L2 t X(iB2WM^f5Co 2 MGa,- x Ah (d^"? 
„ MfiTi, V, Mo, W, Cr, Mn, F e ©t© 1 fcli 2SM^/i 
M^^J^fM^tJgZ^S. 5^Z^7. 5-efcf9, £>o, O^x^O. 



2 9. 7U — Jl^ffjfEC o 2 MG a i-x Ah r "C N M«T i , V, 
Mo, W, Cr, Mn, F e ©cf W 1 St fcl4 2lM>e>* 5 , M ©sp^ffi 
tfi$Z^5. 5^Z^7. 5ffe^ #>O n O^x^O. 7) ^14^11^ 

3 0. MlBS^^p^i^^ w^PB$tlfcSt5±-e^lf ^tWtftufBC o 
2 MG a i-x A 1 x fi&4£ttJBt(C «t 9f^SJ£*lfc h ^/HK^lffitltSft**^^^ 
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3 1 . ftjf5^£_h^JcJ^bfcC o 2 MG a ,- x A 1 x M^flg^f^JS £ 
3 2. ffr1E2&KtfS, fMlbSi, fly*, MgOW, GaAsfii 

3 3. fufES^ £ fulE C o 2 MG a i-„ Ah i^^X\ MfciT i , V, 
Mo, W, Cr, Mn, F e <D*P<D 1 flt^fcte: 25ttEJLhJ& i E>& «9 , M^c^^^M 
t^tSZ^5. 5^Z^7. 5-Cfct) % ^O, O^x^O. 7) ?W!!£0>|H]tC 

3 4. UMBOS' 7 7 HI Al, Cu, Cr, Fe, Nb, Ni, Ta 
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